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(57) ABSTRACT

For spatial high resolution imaging of a structure of a sample
comprising a luminophore, the sample is subjected to excita-
tion inhibiting light transferring the luminophore out of an
excitable electronic ground state into a protection state in
which the luminophore is protected against electronic exci-
tation by luminescence excitation light and luminescence
de-excitation light. The excitation inhibiting light comprises
a first local minimum. Next, the sample is subjected to the
luminescence excitation light exciting the luminophore
within the first local minimum into an excited luminescent
state. Then, the sample is subjected to the luminescence de-
excitation light returning the luminophore out of the excited
luminescent state into the excitable electronic ground state.
The luminescence de-excitation light comprises a second
local minimum overlapping with the first local minimum.
Luminescence light emitted out of the measurement area is
measured and assigned to the position of the second local
minimum within the sample.

20 Claims, 2 Drawing Sheets
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1
METHOD OF SPATTAL HIGH RESOLUTION
IMAGING OF A STRUCTURE OF A SAMPLE,
THE STRUCTURE COMPRISING A
LUMINOPHORE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present invention is a continuation of International
Patent Application PCT/EP2014/050272 filed on Jan. 9,
2014, entitled “Method for spatially high-resolved imaging of
a structure of a sample that has a luminophore” and claiming
priority to German Patent Application DE 102013 100 172.6,
filed Jan. 9, 2013, entitled “Verfahren zum raumlich hochau-
flssenden Abbilden einer einen Luminophor aufweisenden
Struktur einer Probe”.

FIELD OF THE INVENTION

The invention relates to a method of spatial high resolution
imaging of a structure of a sample, the structure comprising a
luminophore. More particular, the invention relates to a
method of spatial high resolution imaging of a structure of a
sample, the structure comprising a luminophore, wherein the
sample, in a measurement area, is subjected to luminescence
excitation light which excites the luminophore out of an excit-
able electronic ground state into an excited luminescent state,
wherein the sample, in the measurement area, is subjected to
an intensity distribution of luminescence de-excitation light
comprising a local minimum, which returns the luminophore
out of the excited luminescent state into the excitable elec-
tronic ground state, wherein luminescence light emitted out
of'the measurement area is registered, and wherein the regis-
tered luminescence light is assigned to the position of the
local minimum within the sample.

BACKGROUND

A method of spatial high resolution imaging of a structure
of a sample, the structure comprising a luminophore, is
known as STED (Stimulated Emission Depletion) scanning
fluorescence light microscopy. Here, the sample, in the mea-
surement area, is at first subjected to the luminescence exci-
tation light which excites the luminophore out of the excitable
electronic ground state into the excited luminescent state.
Then, the sample, in the measurement area, is subjected to an
intensity distribution of the luminescence de-excitation light
in the form of emission stimulation light which stimulates the
luminophore for emission of light having the wavelength of
the emission stimulation light, i.e. a different wavelength than
that one of the luminescence light, and thus de-excites it back
into its ground state, the intensity distribution having a local
minimum. [f the luminescence de-excitation light de-excites
the luminophore out of the excited luminescent state every-
where outside the local minimum by means of stimulated
emission, the luminescence light emitted out of the measure-
ment area afterwards may only stem from the local minimum
of'the intensity distribution of the luminescence de-excitation
light and may thus be assigned to the position of the local
minimum within the sample.

In the method known as STED, a very high spatial resolu-
tion at a high contrast in imaging a structure of a sample, the
structure being marked with a luminophore, is also achieved
in practice. Here, however, the luminophore is seriously
stressed photochemically and thus tends to bleaching. The
reason is that the luminescence de-excitation light, which has
to be applied at a high absolute intensity to narrow down the
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local minimum in the form of a zero point of its intensity
distribution, is applied to the luminophore already being in its
excited luminescent state. Thus, besides the desired stimu-
lated emission which returns the luminophore into its ground
state, other processes, particularly further electronic excita-
tions of the luminophore resulting into bleaching, are also not
unlikely. New excitations of the luminophore at first de-ex-
cited by stimulated emission may also occur due to the light
originally provided for luminescence de-excitation.

A further method of spatial high resolution imaging of a
structure of a sample, the structure comprising a lumino-
phore, is known as GSD (Ground State Depletion) scanning
fluorescence light microscopy. In this known method, the
luminophore, prior to being subjected to the luminescence
excitation light, is subjected to luminescence inhibiting light
which has an intensity distribution comprising a local mini-
mum. The luminescence inhibiting light transfers the lumi-
nophore into a dark state, like for example a long living triplet
state, out of which it is not excited into a luminescent state by
means of the luminescence excitation light. Everywhere out-
side the local minimum of the intensity distribution of the
luminescence inhibiting light, this transfer into the dark state
is saturated. l.e. only in the local minimum of the intensity
distribution of the luminescence inhibiting light, the lumino-
phore, after being subjected to the luminescence inhibiting
light, is still in its electronic ground state out of which it is
excited into the luminescent state by the luminescence exci-
tation light. Luminescence light emitted by the luminophore
after excitation by the luminescence excitation light thus
stems from the local minimum of the intensity distribution of
the luminescence inhibiting light and may thus be assigned to
the position of the local minimum within the sample.

In the method known as GSD, there is a considerable
danger of bleaching the luminophore as well, because the
luminophore, in its long-living dark state, into which it is
transferred by the luminescence inhibiting light, has an
increased tendency to chemical reactions like, for example,
with oxygen, and/or it is exposed to the danger that it is further
excited by the luminescence inhibiting light or the lumines-
cence excitation light so that a photochemical bleaching of
the luminophore occurs.

A further method of spatial high resolution imaging of a
structure of a sample, the structure comprising a lumino-
phore, is known as a variant of RESOLFT (Reversible Satu-
rable Optical Fluorescence Transitions) scanning fluores-
cence light microscopy which makes use of so-called
switchable luminophores. By means of luminescence inhib-
iting light, these luminophores are switchable out of a first
conformation state in which they are acting as luminophores
into a second conformation state in which they are not acting
as luminophores, i.e. in which they are, at least by means of
the luminescence excitation light which is usable for exciting
the luminescent state in the first conformation state, not excit-
able into the luminescent state in which they emit the lumi-
nescence light registered as the measurement signal. With a
sufficient long lifetime of the second conformation state, only
comparatively low light intensities are necessary to saturate
this switching everywhere outside a local minimum of the
intensity distribution of the luminescence inhibiting light.
Further, there is no significant danger that the luminophore
transferred into its other conformation state bleaches out of
this other conformation state as it does not respond to the
luminescence inhibiting light or the luminescence excitation
light within this conformation state.

In the practical implementation of RESOLFT scanning
fluorescence light microscopy with switchable fluorophores,
a spatial resolution and a contrast are observed which lag
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behind those of STED scanning fluorescence light micros-
copy. This may be due to the fact that even then when the
switching of the switchable luminophore into a conformation
state not capable of luminescence is saturated, there is still a
noticeable percentage of the luminophore in its conformation
state capable of luminescence.

There still is a need of a method of spatial high resolution
imaging of a structure of a sample, the structure comprising a
luminophore, in which the high spatial resolution and the high
contrast of STED scanning fluorescence light microscopy are
achieved and in which the luminophore is nevertheless sub-
jected to a lower danger of photochemical bleaching than in
all previously known methods of STED scanning fluores-
cence light microscopy.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a method of
high spatial resolution imaging of a structure of a sample, the
structure comprising a luminophore. In a measurement area,
the method comprises subjecting the sample to an intensity
distribution of excitation inhibiting light transferring the
luminophore out of an excitable electronic ground state into a
protection state in which the luminophore is protected against
electronic excitation by luminescence excitation light and by
luminescence de-excitation light, the intensity distribution of
the excitation inhibiting light comprising a first local mini-
mum; subjecting the sample to the luminescence excitation
light exciting the luminophore which, within the first local
minimum of the intensity distribution of the excitation inhib-
iting light, is still in its excitable electronic ground state into
an excited luminescent state; subjecting the sample to an
intensity distribution of the luminescence de-excitation light
returning the luminophore out of the excited luminescent
state into the excitable electronic ground state, the intensity
distribution of the luminescence de-excitation light compris-
ing a second local minimum overlapping with the first local
minimum of the intensity distribution of the excitation inhib-
iting light; registering luminescence light emitted out of the
measurement area; and assigning the registered luminescence
light to the position of the second local minimum of the
intensity distribution of the luminescence de-excitation light
within the sample.

In another aspect, the present invention relates to a method
ot high spatial resolution imaging of a structure of a sample,
the structure comprising a luminophore. This method, in
addition to the above steps of subjecting, registering and
assigning, comprises scanning the sample with the second
local minimum of the intensity distribution of the lumines-
cence de-excitation light; and repeating the above steps of
subjecting registering and assigning for a plurality of posi-
tions of the second local minimum of the intensity distribu-
tion of the luminescence de-excitation light within the
sample.

In the method according to the invention, the intensity of
the luminescence light emitted out of the measurement area is
a measure of the concentration of the luminophore at the
position of the local minimum within the sample. By scan-
ning the sample with the local minimum, while repeating the
above mentioned steps for each position of the local mini-
mum, the distribution of the luminophore in the sample is
determined, and, thus, the structure marked with the lumino-
phore is imaged.

Here, the term “luminophore” designates any substance
from which luminescence light may be obtained as a mea-
surement signal, if it is in an excited luminescent state. This
definition particularly applies to fluorescence dyes. The pro-
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cess on which the emission of the luminescence light is based,
however, does not need to be fluorescence. It may also be
scattering, like for example Raman scattering, in which the
excited transitional states out of which the scattered light is
emitted are regarded as the excited luminescent states here.

The structure of interest of the sample may comprise the
luminophore as such, i.e. it may be autoluminescent. The
structure of interest of the sample, however, may also be
artificially marked with the luminophore. This artificial mark-
ing of the structure with the luminophore may, for example,
be executed by so-called antibody dyeing, i.e. by coupling the
luminophore via an immunoreaction, or by means of genetic
engineering resulting in a simultaneous expression of the
luminophore and the structure of interest.

If a state, like for example an excitable electronic ground
state or an excited luminescent state of the luminophore, is
mentioned here, this is an electronic state of the smallest
entity of the luminophore capable of luminescence, i.e. of a
molecule, ofa complex, ofavoid, of a quantum dot or the like.

Ifalocal minimum of an intensity distribution of light, like
for example the luminescence de-excitation light, is men-
tioned here, this particularly means a zero point of the inten-
sity distribution created by interference. It may be a true zero
point in which the intensity of the light in fact goes down to
zero, or a zero point in which the intensity of the light in the
absence of ideal optical conditions only essentially goes
down to zero. If dimensions of a local minimum are men-
tioned here, these dimensions particularly relate to the dimen-
sions of the volume in which the respective light does not
saturate the effect strived for by the respective light, like for
example the transfer excited by the respective light.

Other features and advantages of the present invention will
become apparent to one with skill in the art upon examination
of the following drawings and the detailed description. It is
intended that all such additional features and advantages be
included herein within the scope of the present invention, as
defined by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to
the following drawings. The components in the drawings are
not necessarily to scale, emphasis instead being placed upon
clearly illustrating the principles of the present invention. In
the drawings, like reference numerals designate correspond-
ing parts throughout the several views.

FIG. 1 (a) to (d) illustrate the method steps of a method
according to the invention of spatial high resolution imaging
of'a structure of a sample, the structure comprising a lumino-
phore; and

FIG. 2 illustrates the circumstances under which the
sample is subjected to luminescence de-excitation light in
step (c) of FIG. 1.

DETAILED DESCRIPTION

In a method according to the present invention of spatial
high resolution imaging of a structure of a sample, the sample
comprising a luminophore, all steps are carried out which are
characteristic of an STED scanning fluorescence light micro-
scopic method; i.e. the method according to the invention is a
special method of STED scanning luminescence light
microscopy: The sample, in a measurement area, is subjected
to luminescence excitation light which excites the lumino-
phore out of an excitable electronic ground state into an
excited luminescent state. In the measurement area, the
sample is further subjected to an intensity distribution of
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luminescence de-excitation light comprising a local mini-
mum, which, without emission of luminescence light, returns
the luminophore out of the excited luminescent state into the
excitable electronic ground state. Luminescence light emitted
out of the measurement area is registered; and the registered
luminescence light is assigned to the position of the local
minimum in the sample.

In the method according to the invention, the sample, in the
measurement area, prior to being subjected to the lumines-
cence excitation light, is additionally subjected to an intensity
distribution of excitation inhibiting light which transfers the
luminophore out of the excitable electronic ground state into
a protection state. Within this protection state the lumino-
phore is protected against electronic excitations by the lumi-
nescence excitation light and the luminescence de-excitation
light. The intensity distribution of the excitation inhibiting
light also has a local minimum which overlaps with the local
minimum of the intensity distribution of the luminescence
de-excitation light.

The method according to the invention thus also includes
the steps which are applied in a RESOLFT scanning fluores-
cence light microscopic method using a switchable lumino-
phore. In the method according to the invention, however, it is
not primarily tried to enhance the effective point spread func-
tion in the sense of an increased spatial resolution by super-
imposing two intensity distributions which have a spatially
resolving effect with coincident zero points. Instead, the
method according to the invention primarily makes use of the
fact that the luminophore, for example in a RESOLFT
method using a switchable luminophore, outside the mini-
mum of the intensity distribution of the excitation inhibiting
light is transferred into a state in which it is not electronically
excitable by the luminescence excitation light and the lumi-
nescence de-excitation light. This state is called the protec-
tion state of the luminophore here.

Even if; in the method according to the invention, the local
minimum of the intensity distribution of the excitation inhib-
iting light is less sharply localized, i.e. larger than the local
minimum of the intensity distribution of the luminescence
de-excitation light, the excitation inhibiting light effectively
inhibits the bleaching of the luminophore by the lumines-
cence excitation light and the luminescence de-excitation
light there, where they have their highest common intensity.
This highest common intensity of the luminescence excita-
tion light and the luminescence de-excitation light is not
directly adjoining the local minimum of the intensity distri-
bution of the luminescence de-excitation light but located at a
certain distance thereto. At this distance to the local minimum
of'the intensity distribution of the luminescence de-excitation
light, the transfer of the luminophore into its protection state
is saturated, and thus the luminophore is protected against an
electronic excitation and a resulting bleaching by the high
common intensity of the luminescence excitation light and
the luminescence de-excitation light, even with a little larger
local minimum of the intensity distribution of the excitation
inhibiting light.

There, where the high spatial resolution and finally also the
high contrast are realized with the intensity distribution of the
luminescence de-excitation light, i.e. directly adjoining the
local minimum of the intensity distribution of the lumines-
cence de-excitation light, the absolute intensity of the lumi-
nescence de-excitation light is much smaller than at a greater
distance to the local minimum. The fact that at least a relevant
part of the luminophore is not in its protection state here, does
not essentially increase the risk of bleaching of the lumino-
phore.
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Thus, in the method according to the invention, the high
spatial resolution and the high contrast which are achievable
in STED scanning fluorescence light microscopy can be
achieved without the massive danger of bleaching the lumi-
nophore, which is typical for previous STED methods. For
this purpose, it is not necessary that the local minimum of'the
intensity distribution of the excitation inhibiting light is as
small as the local minimum of the luminescence de-excitation
light. Thus, it is also easier to overlap the local minimum of
the intensity distribution of the excitation inhibiting light with
the local minimum of the intensity distribution of the lumi-
nescence de-excitation light. I.e. a certain offset between the
centers of these minima may be compensated for by a larger
local minimum of the intensity distribution of the excitation
inhibiting light.

Itis to be understood that the luminescence excitation light,
the luminescence de-excitation light and the excitation inhib-
iting light may have different wavelengths in the method
according to the invention. Particularly, the wavelengths may
be selected with regard to the absorption spectrum of the
luminophore in such a way that the luminophore is only
transferred or excited or de-excited by the respective light as
desired and that none of the other transfers is triggered.

In the method according to the invention, the luminescence
de-excitation light and the excitation inhibiting light may,
however, also have same wavelengths and be applied to the
sample simultaneously. I.e. the luminescence de-excitation
light and the excitation inhibiting light may be the same light.
Thus, in case of using a known switchable fluorescent protein,
like for example rsEGFP or rsEGFP2, as the luminophore, a
common wavelength of the excitation inhibiting light and the
luminescence de-excitation light may be selected such that
the light, outside the minimum of its intensity distribution,
both by switching into its protection state not capable of
luminescence at a certain first probability and by stimulating
emission at a certain second probability, inhibits the lumino-
phore in inhibiting luminescence light. Even in this proce-
dure, there is a reduced danger of bleaching the luminophore
as compared to a pure STED method which only uses stimu-
lated emission for increasing the spatial resolution.

In the method according to the invention, the luminescence
excitation light will normally be applied to the sample in
pulses. The excitation inhibiting light and the luminescence
de-excitation light may also be applied to the sample in
pulses, or one or both of them may be applied to the sample
continuously. Particularly, if the luminescence de-excitation
light is applied continuously, it is advantageous to register the
luminescence light at a temporal resolution after each pulse of
the luminescence excitation light to maximize the spatial
resolution and the contrast, like it is generally known from
WO 2012/069076 A1 for an STED method.

In the method according to the invention, the excitation
inhibiting light may transfer the luminophore out of its excit-
able electronic ground state into the protection state by means
of'a change in conformation. I.e. the luminophore, as already
mentioned, may be a so-called switchable luminophore.
Here, the properties of this switchable luminophore do not
need to be ideal, like it would be essential for RESOLFT
scanning fluorescence light microscopy in which the spatial
resolution is based on the switchability of the luminophore. In
the method according to the invention, the switchability of the
luminophore is at least primarily not used for increasing the
spatial resolution but for the protection of the luminophore
against the high common intensities of the luminescence
excitation light and the luminescence de-excitation light. This
protection is essentially achieved already then, when the
luminophore, by the excitation inhibiting light, is not com-



US 9,267,888 B2

7

pletely but essentially transferred into its protection state. In
other words, even switchable luminophores which could not
suitably be used in a RESOLFT method based on switchable
luminophores are usable in the method according to the
invention.

The luminophore which may be switched off by the exci-
tation inhibiting light may particularly be a switchable fluo-
rescent protein as it is generally known to those skilled in the
art.

The luminophore which can be switched off by means of
the excitation inhibiting light may spontaneously return out
of its protection state into the excitable electronic ground
state. If such a spontaneous return does not occur or only
occur at an insufficient rate of return, it is reasonable to
subject the sample, in the measurement area, prior to subject-
ing it to the excitation inhibiting light, to an intensity distri-
bution of excitation enabling light which transfers the lumi-
nophore, at least in the area of the local minimum of the
intensity distribution of the luminescence de-excitation light,
into the excitable electronic ground state in a defined way.
Normally, this transfer takes place in the entire measurement
area as the intensity distribution of the excitation enabling
light, due to the diffraction barrier, cannot be focused further.

The method according to the invention, however, may not
only be executed using switchable luminophores. For trans-
ferring the luminophore into its protection state, the excita-
tion inhibiting light may instead, for example, disturb the
excitable electronic ground state of the luminophore in such a
way that the luminophore, in the protection state, has an
absorption cross-section for the luminescence excitation light
reduced by a factor of at least 2 as compared to the undis-
turbed electronic ground state. In this case, the protection
state is the disturbed electronic ground state of the lumino-
phore in which the disturbance, particularly the steric con-
figuration of the atoms of the luminophore, significantly
reduces its capability of interaction with the luminescence
excitation light and preferably also with the luminescence
de-excitation light. Such a disturbance of the electronic
ground state of the luminophore may be caused by a transfer
of impulses and/or vibrations. Such impulses and/or vibra-
tions may come from a collisional or vibrational relaxation of
amodulator entity excited by the excitation inhibiting light or
from a cis-trans-isomerization of the modulator entity excited
by the excitation inhibiting light. The modulator entity may
be a molecule or a chemical group which is spatially and/or
chemically coupled to the luminophore to ensure the desired
transfer of impulse and/or vibration.

The disturbance of the electronic ground state of the lumi-
nophore, by which it is transferred into the protection state,
may also be interpreted as increasing the vibration energy of
the luminophore within its electronic ground state, this not
being an energy state in thermal equilibrium with the sur-
roundings of the luminophore. Instead, the energy of the
luminophore, by means of the impulses and/or vibrations
transferred by the modulator entity is increased above the
thermal equilibrium with its surroundings. This disturbance
of'the ground state, which corresponds to the desired transfer
of'the luminophore into its protection state, gets lost again as
soon as a thermal equilibrium between the luminophore and
its surroundings is reached again due to further molecular
transfers of impulses and/or vibrations. For the purpose of
using the protection state in the form of the disturbed elec-
tronic ground state, the luminescence excitation light, and
preferably also the luminescence de-excitation light, have to
be applied to the sample while the disturbance of the elec-
tronic ground state of the luminophore still exists. Now refer-
ring in greater detail to the drawings, FIG. 1 (a) to (d) illus-
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trate the steps of a method according to the invention of
spatial high resolution imaging of a structure 2 of a sample 3,
the structure comprising a luminophore 1. According to FIG.
1 (a), the sample 3 is subjected to excitation inhibiting light 4
which transfers the luminophore 1 into a protection state. This
transfer takes place in a measurement area 5 of the sample
except for a local minimum 6 of the intensity distribution of
the excitation inhibiting light 4. In this local minimum 6, the
luminophore 1 remains in its electronic ground state excitable
for luminescence.

According to FIG. 1 (b), the sample 3, in the entire mea-
surement area 5 including the local minimum 6, is subjected
to luminescence excitation light 7 which transfers the lumi-
nophore 1, in so far as it is not in its protection state, out of its
electronic ground state into an excited luminescent state. This
means that only the luminophore 1 located in the area of the
local minimum 6 of the excitation inhibiting light 4 is excited
into the luminescent state.

According to FIG. 1 (¢), the sample 3, in the measurement
area 5, is subjected to luminescence de-excitation light 8,
again except for a local minimum 9 of the intensity distribu-
tion of the luminescence de-excitation light 8 overlapping
with the local minimum 6 of the excitation inhibiting light 4
according to FIG. 1 (a). The luminescence de-excitation light
8 transfers the luminophore 1, everywhere outside the local
minimum 9 of its intensity distribution, out of its excited
luminescent state back into its electronic ground state. Here,
the local minimum 9 is smaller than the local minimum 6. 1.e.,
where, after the step according to FIG. 1 (¢), luminophore 1 is
still in its luminescent state, depends on the position of the
local minimum 9.

When luminescence light 10 out of the measurement area 5
is afterwards registered according to FIG. 1 (d), it may be
assigned to the position of the local minimum 9 of the inten-
sity distribution of the luminescence de-excitation light 8
according to FIG. 1 (¢).

By scanning the sample with the measurement area 5 or
with the local minimum 9, the distribution of the concentra-
tion of the luminophore 1 in the sample 3 is determined and
thus the structure 2 in the sample is also imaged. To enable
this scanning, the luminophore needs to quickly return into its
excitable electronic ground state both out of'its excited lumi-
nescent state and out of its protection state. If this does not
apply to the protection state, the luminophore 1 may be sub-
jected to excitation enabling light in the measurement area 5,
which definedly transfers it back out of its protection state
into its excitable electronic ground state prior to repeating the
steps according to FIG. 1 (a) to (d) at the next position of the
measurement area 5 or the local minimum 9.

FIG. 2, in a cross-section through the measurement area 5,
illustrates the intensity distributions of the luminescence
excitation light 7 and the luminescence de-excitation light 8
as well as the probability 11 that the luminophore 1 after the
subjection to the excitation inhibiting light 4 according to
FIG. 1 (a) is still in its excitable electronic ground state, i.e.
not in its protection state. Everywhere outside the local mini-
mum 6 according to FIG. 1 (a), the probability 11 only has a
low value which is close to zero. I.e. only within the local
minimum 6, the luminophore is still in its excitable electronic
ground state, and everywhere outside the local minimum 6 it
is mostly likely in its protection state. The intensity distribu-
tions of the luminescence excitation light 7 and the lumines-
cence de-excitation light 8 have their maximum common
intensity outside the local minimum 6. I.e. the common maxi-
mum intensity hits the luminophore there, where it is in its
protection state and will thus not be photochemically
bleached. Within the local minimum 6, where the probability
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11 is clearly higher than zero, besides the luminescence exci-
tation light 7, only a low intensity of the luminescence de-
excitation light 8 acts upon the luminophore, which does not
exceed a value 1, . remaining far below the absolute maxi-
mum of this intensity. This low intensity is sufficient for the
STED-typical narrowing down of the luminescent excited
state of the luminophore to the local minimum 6 but not for
the STED-typical bleaching of the luminophore which occurs
at the high absolute common intensities of the luminescence
excitation light 7 and the luminescence de-excitation light 8.
Thus, in the method according to the invention, the high
spatial resolution and the high contrast of an STED method
are achieved but without accepting the danger of bleaching
the luminophore which is usually connected therewith.

The spatial intensity distributions of the excitation inhibit-
ing light 4 and the luminescence de-excitation light 8 about
the local minima 6, 9 depicted here are only exemplary. These
intensity distributions may have any arbitrary form in each
spatial direction, as they are known from the field of STED
scanning fluorescence light microscopy.

Many variations and modifications may be made to the
preferred embodiments of the invention without departing
substantially from the spirit and principles of the invention.
All such modifications and variations are intended to be
included herein within the scope of the present invention, as
defined by the following claims.

The invention claimed is:

1. A method of high spatial resolution imaging of a struc-
ture of a sample, the structure comprising a luminophore, the
method comprising

in a measurement area, subjecting the sample to an inten-

sity distribution of excitation inhibiting light transfer-
ring the luminophore out of an excitable electronic
ground state into a protection state in which the lumino-
phore is protected against electronic excitation by lumi-
nescence excitation light and by luminescence de-exci-
tation light, the intensity distribution of the excitation
inhibiting light comprising a first local minimum;

in the measurement area, subjecting the sample to the

luminescence excitation light exciting the luminophore
which, within the first local minimum of the intensity
distribution of the excitation inhibiting light, is still in its
excitable electronic ground state into an excited lumi-
nescent state;

in the measurement area, subjecting the sample to an inten-

sity distribution of the luminescence de-excitation light
returning the luminophore out of the excited lumines-
cent state into the excitable electronic ground state, the
intensity distribution of the luminescence de-excitation
light comprising a second local minimum overlapping
with the first local minimum of the intensity distribution
of the excitation inhibiting light;

registering luminescence light emitted out of the measure-

ment area; and

assigning the registered luminescence light to the position

of'the second local minimum of the intensity distribution
of the luminescence de-excitation light within the
sample.

2. The method of claim 1, wherein wavelengths of the
luminescence excitation light, of the luminescence de-exci-
tation light, and of the excitation inhibiting light are different.

3. The method of claim 1, wherein wavelengths of the
luminescence de-excitation light and of the excitation inhib-
iting light are equal.

4. The method of claim 3, wherein the luminescence de-
excitation light and the excitation inhibiting light are simul-
taneously applied to the sample.
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5. The method of claim 1, wherein the luminescence exci-
tation light is applied to the sample in pulses.

6. The method of claim 5, wherein the excitation inhibiting
light is applied to the sample in pulses or continuously.

7. The method of claim 6, wherein the luminescence de-
excitation light is applied to the sample in pulses or continu-
ously.

8. The method of claim 5, wherein the luminescence light
is registered at temporal resolution after each pulse of the
luminescence excitation light.

9. The method of claim 1, wherein the excitation inhibiting
light transfers the luminophore out of the excitable electronic
ground state into the protection state by means of a change in
conformation.

10. The method of claim 9, wherein the luminophore is a
switchable luminophore which is switched off by the excita-
tion inhibiting light.

11. The method of claim 10, wherein the switchable lumi-
nophore is a switchable fluorescent protein.

12. The method of claim 9, wherein the sample, in the
measurement area, prior to being subjected to the intensity
distribution of the excitation inhibiting light, is subjected to
an intensity distribution of excitation enabling light transfer-
ring the luminophore, at least in the area of the second local
minimum of the intensity distribution of the luminescence
de-excitation light, into the excitable electronic ground state.

13. The method of claim 1, wherein the excitation inhibit-
ing light, for transferring the luminophore into the protection
state, disturbs the excitable electronic ground state of the
luminophore in such a way that the luminophore in the pro-
tection state has an absorption cross-section for the lumines-
cence excitation light which is reduced by at least a factor of
2 as compared to the undisturbed excitable electronic ground
state.

14. The method of claim 13, wherein the electronic ground
state of the luminophore is disturbed by a transfer of at least
one of impulses and vibrations.

15. The method of claim 14, wherein the impulses or vibra-
tions come from a relaxing modulator entity which is excited
by the excitation inhibiting light.

16. The method of claim 13, wherein an atomic order
within the luminophore is disturbed in by disturbing the elec-
tronic ground state.

17. The method of claim 13, wherein the luminophore,
within the disturbed electronic ground state, is not in a ther-
mal equilibrium.

18. A method of high spatial resolution imaging of a struc-
ture of a sample, the structure comprising a luminophore, the
method comprising

in a measurement area, subjecting the sample to an inten-

sity distribution of excitation inhibiting light transfer-
ring the luminophore out of an excitable electronic
ground state into a protection state in which the lumino-
phore is protected against electronic excitation by lumi-
nescence excitation light and by luminescence de-exci-
tation light, the intensity distribution of the excitation
inhibiting light comprising a first local minimum;

in the measurement area, subjecting the sample to the

luminescence excitation light exciting the luminophore
which, within the first local minimum of the intensity
distribution of the excitation inhibiting light, is still in its
excitable electronic ground state into an excited lumi-
nescent state;

in the measurement area, subjecting the sample to an inten-

sity distribution of the luminescence de-excitation light
returning the luminophore out of the excited lumines-
cent state into the excitable electronic ground state, the
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intensity distribution of the luminescence de-excitation
light comprising a second local minimum overlapping
with the first local minimum of the intensity distribution
of the excitation inhibiting light;

registering luminescence light emitted out of the measure-

ment area;

assigning the registered luminescence light to the position

of'the second local minimum of the intensity distribution
of the luminescence de-excitation light within the
sample;

scanning the sample with the second local minimum of the

intensity distribution of the luminescence de-excitation
light; and

repeating the steps of subjecting, registering and assigning

for a plurality of positions of the second local minimum
of the intensity distribution of the luminescence de-
excitation light within the sample.

19. The method of claim 18, wherein the luminophore is a
switchable luminophore which is switched off by the excita-
tion inhibiting light.

20. The method of claim 19, wherein the sample, in the
measurement area, prior to being subjected to the intensity
distribution of the excitation inhibiting light, is subjected to
an intensity distribution of excitation enabling light transfer-
ring the luminophore, at least in the area of the second local
minimum of the intensity distribution of the luminescence
de-excitation light, into the excitable electronic ground state.

#* #* #* #* #*
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